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1. A method for neutralizijig acoTistdcaUy active particles immersed in a 
flowing fliad, in which: 

(a) tdtrasonic waves are provided, which propagate through said 
fluid, said laltrasonic waves pxishing said p articles in the direction of a 
friction layer near a surface or sxirfecea in contact with said fluid or 
pushing said particles against the direction of flow of said fluid, 
thereby causing the motion of said paxtides to stop; said ultrasonic 
waves additionally causing said paxtides to be held in place by 
pushing them against said surface or surfaces or against the flow of 
said flowing fluid; and 

(b) an acoustic radiation force is provided for neutralizing said 
ultrasonically active particles which have been stopped and held in 
place; 

characterized in that, said acoustically active particles are neutralized 
within the flowing fluid by one or a combination of the following processes: 
i, a deformation process; wherein an acoustic fleld is provided which 
is modulated at a frequencrsr corresponding to a deformation 
firequenig?^ of said acoustically active particles, thereby 
aurxoimding said particles with an asymmetric acoustic radiation 
force and causing fragmentation of said partides into smaller 
ones; and 
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iL a didSusioiL process; wlxerein a pulsating acotiBiic radiation field is 
provided wMch alternately compreBses and releases said particles, 
thereby increasing the efficiency of the difiusion of materisd &om 
the interior of said particle to the surrounding: fluid. 

2. A method according to daim 1, wherein the acoustic radiation force for 
pushing and the acoustic radiation force for neutralizing are provided by 
the same source. 

3. A method accordixig to claim 1, wherein the acoustic radiation force for 
pushing and the acoustic radiation force for neutralizing are provided by 
different sources. 



4. A method according to daim 1, wherein the acoustic radiation force for 
pushing and the acoustic radiation force for neutralizing are applied as a 
supeximposition of acoustic radiation forces having two or more 
frequencies and or waveforms. 

5. A method according to daim 1, wherein the acoustic radiation force for 
. pushing and the acoiistic radiation force for neutralizing have waveforms 

chosen &oin the group comprising, but not limited to: 

(a) continuous; and 

(b) pulsating. 
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6. A metiiod according to daim 1, wherein tlxe acoustic radiation 
force for pushing: aad the acoustic radiation force for neutralizing 
are aimed towards the sur&ce of a waJU. of the vessel containing 
the fluid ox a surfkce placed in their path. 

7. A roiethod according to daim 1, wherein the acoustic radiation 
force for pushing and the acoustic radiation force for neutralizing 
are aimed in a direction opposite to the direction of flow of the 
fluid and along the axis of the vessel through which said fluid 
flows. 

S. A method according to claim 1, wherein the acoustic radiation 
force for pushing and the acoustic radiation force for neutralizing 
are &cused, 

9. A method according to claim 1, wherein the acoustic radiation 
force for pushing and/or the acoustic radiation force for 
neutralizing are generated upon detection of the acoustically 
active particles by a detector or detectors. 

10. A method according to claim 9, wherein the detector is chosen 
from the group comprising, but not limited to: 
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(a) aa ultraeosic detector; and 

(b) aix electsco-optic detector, 

II.A metkod according to claim 9^ wherein tlie detection is made by 



transducer, re&acted by the parficLes, and detected by said 
transducer. 

12. A method according to claim 9, wherein the detection is made by 
detecting ultrasonic energy emitted by an ultrasonic transducer, 
re&acted by the particles, and detected by a different Ixansducer. 

13. A method according to (daim 1, wherein the How of the fluid is 
through a vessel that is open to view. 

14. A method according to claim 1, wherein the flow of the fluid is 
through a vessel that is surroimded by an object and therefore is 
not open to view. 

15. A method according to claim 14« wherein the orientation of the 
vessel is determined with the aid of ultrasonic detectors which 
detect the flow of fluid through said vessel. 



detecting ultrasonic energy soitrced emitted by an ultrasonic 
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16. A method according to claim 15, wherein the external object is a 
human body. 

17. A method according to daim 16 wherein the vessel is a blood . 
vesseL 

18. A method according to claim 16 wherein the vessel is the carotid 
arteiy. 

19. A method according to daim 1, wherein the Burfece is one or a 
pluraliiy of membranes and large aeoueticBlly active particles 
break apEirt into smaller partides, which pass throngh the 
openings in said membranes upon impact. 

20. A method according to daim 19, wherein the size of the pores in 
the membranes is between 0.1 fsm to 1mm. 

21. A method according to daim 19 wherein the membranes together 
with the ultrasonic propagating field acting on the acoustically 
active partides efEectively act as a semi-permeable membrane 
whidi permits particles to leave the fluid flow tibrough the pores of 
said membranes and prevents the particles firom reentering the 
flow by means o£ the ultarasonic £>rce alone^ as a result of the 
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mergar of tke smallar bubbles that have passed through the 
opeaings in said Hxenibrane resulting in a bubble that is larger 
than said openings, or by a combination of both effects. 



22. A method according to claim 19, wherein there is an array of open 
cells on the side of the membrane surface opposite to the flow of 
the acoustically active paxtides and wherein after partides are 
broken apart and pass through the openings of said membrane, 
they enter said cells thus preventing them from recombining to 
form particles whose dimensions exceed that of said cells. 

ZS.A method according to claim 1, wherein the surface comprises an 
array of cells arranged in a honeycomb pattern. 

24. A method according to claim 19, wherein the acoustic pressure 
exerted on acoustically active particles that are larg&t than the 
pore size of the membrane causes them to deform without 
breaking apart upon impact with said membrane and slip through 
said pores, regaining their original shape after slipping through 
said membrane. 
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25. A method according to claim 19 where the dimensions of the pores 
of each succeeding membrane in a plurality of membranes become 
smaller in the direction of the fluid flow. 



partiicleB comprise an encapsiilated material. 

27. A method according to claim 26, wherein the encapsulated 
material is a drug, 

28, An ultrasonic system for using the method of claim 1 to neutralize 
acoustically active particles immersed in a flowing fluid, said 
apparatus comprising: 

(a) a fluid flow p ath tiirough a vessel; 

(b) a Burfece which creates a fiiction layer to the fluid that flows 
adjacent to it, and can. be partially or fully submerged in the fluid, or 
may consist of a wall of said vessel or a type of membrane; 

(c) transducing means acoustically coimected to said vessel 
or submerged in it, said transducing means delivering 
ultrasonic waves that propagate through said fluid, said 
idtrasonic waves pushing said particles in the diredion of said 
friction layer near a surfece or surfaces in contact with said 



26.A method according to claiTn. Ij wherein the acoustically active 
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fluid or puahing said particles against the direction of flow of 
saidflnid; 

wherein said transducing means are additionally capalble of 
delivering one or zaore of the types of acotialic radiation fields selected 
£com tha following group: 

(i) a p\3leatiag acoustic radiation jSeld, which alternately 
compresses and releases said particles; and 

(ii) an acoustic field which is modulated at a frequency 
corresponding to a deformation frequency of said acoustically active 
particles. 

29. A system according to daim 28, wherein the suz&ce is a layer of the 
fljowing fluid and the acoustic energy is directed opposite to the direction 
offlow. 

30. A system according to claim 28, wherein the acoustic energy is fecused. 

31. A system according to claim 29, wherein the fluid flows in a tube. 

82. A system according to daim 28, whea^ia the transducing means comprise 
an ultrasoxmd head comprising one or more ultrasound transducers. 
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33.A system according to dainL 32, wherein the number of ultrasound 
transducers is at least three and two of said transducers are used to 



34. A system according to 32, wherein the transducing means are comprised 
of a disc shaped main transducer surrounded by an outer ring shaped 
transducer, said outer transducer being drivSen in an anti-phase manner 
to said main transdtzcer. 

35. A system according to daim 32. wherein the acoustic energy is focused. 

36. A system according to daim 32, wherein the acoustic energy is 
unfocused. 

37. A system according to claim 28, wherein the system comprises means for 
providing xdtrasonic energy £br selectively stopping, breaking apart, 
shrinking, and dissolving acoustically active particles immersed in blood 
flowing in the carotid arteries. 

38. A system according to daim 37» further comprising a disposable pillow. 



detect the presence of acoustically active partides and to infLuence the 
operation of the remainder of said transducers. 
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39. A system according to claim 37, wherein the system comprises two 
ulfxasonic heads one located on each carotid artery. 

40. A system according to daim 37, comprising two ultrasonic heads each 



acoustically active partides and/or fhnd flow and at least one tdtrasonic 



41. A system according to claim 285 wherein the snrfaee is a membrane or 
has a honeycomb structxire to aid in breaking apart and/or holding the 
acoustically active particles. 

42. A system according to clfliin 41, wherein the membxane acting together 
with the acoustic energy effedively acts as a semi-permeable membrane, 
which acts to remove acoustically active particles £rom the flowing fluid 
in which they are immersed. 

4S. A system according to claim 28» wherein the vessel through which the 
fluid flows is an arterial line of cardiopulmonaxy machine, contrast 
media catheter, or dialysis machine or a high-flow venous line. 

44. A system according to claim 28, wherein the acoustically active particles 
comprise encapsulated material. 



comprising at least two ultrasonic bubble detectors for detect 



transducer to provide the ultrasonic energy. 
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45. A system accordiiig to daiin 44, wherein the acoustically active particles 
are delivered to a selected location in a vessel by the flowing flxdd, 
concentrated at said location within said vessel and the encapsiilated 
material is released at said location hy shrinJking and/or breaking apart 
and/or dissolving said paxtideB. 

46. A sj^stem according to claim 45, wherein the acoustically active particles 
are introduced into the flowing fluid using a specially designed balloon 
catheter- 

47. A system according to claim 44; wherein the encapsidated material is a 
drug. 

48. A system according to claim 45, wherein the vessel is part of the 
vascular system of a human or animal body* 
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